An analysis is performed to constrain the W ′ boson production using the measurement of the s-channel single top quark production cross section.
I. INTRODUCTION
The existence of a new massive charged gauge boson, known as W ′ boson, is proposed by many new physics scenarios. The minimal extension of the Standard Model (SM) gauge group incorporating W ′ is known as SU(2) × SU(2) × U(1) (G(221)) models [1] . The Kaluza-Klein excitations of the SM W boson in extra dimension models is another famous example [2] . In this paper, a general description of this new massive charged particle interactions is considered, without constraining the couplings to a special model.
The general Lagrangian describing the fermionic interactions of W ′ boson can be written as:
As for the notations, we follow the definitions of the Ref. [3] and [4] with small modifications, where V ′ ij is a 3 × 3 identity matrix for leptons or the CKM matrix for quarks, g W = e/sin(θ W ) is the SM weak coupling constant and a R,L are the strengths of the right and left couplings. Through this work, a R,L are assumed to be real values.
There have been many direct searches for W ′ in the high energy particle colliders, but up to now, all of them have failed. The searches include the fully left-handed W ′ (a R = 0) when a L is not constrained or when a L = 1, known as the Sequential SM (SSM) [5] . The CMS experiment at the CERN LHC [6] In the next section, the phenomenology of the W ′ boson is reviewed shortly and the measured cross section of the s-channel production of the single top quark is used to constrain the W ′ contribution. In continue, the raw data reported by the LHC experiments are used to constrain the W ′ contribution by a statistical method.
II. W ′ BOSON PHENOMENOLOGY
In this section, we study the effects of W ′ boson on the cross section of single top production and discuss the possibility of detecting W ′ boson at LHC. As it is mentioned in the previous section, in order to calculate the cross section of pp → tb,
we consider the most general effective W ′ Lagrangian describing the interaction with the SM fermions. The cross section of pp → tb is given by:
where q(x i ) and q ′ (x i ) are the parton distribution functions of quarks. x 1 and x 2 are the parton momentum fractions. The partonic cross section takes the form [14] :
is the parton center of mass energy while S is the pp center of mass energy. Width of the W ′ is given in [14] .
As it is mentioned, the most precise measurement of single top production has been achieved by the ATLAS collaboration [19] . In Fig. 1 -a, we display the total cross section of pp → tb versus M W ′ for several values of a L while a R = 0. To calculate σ(pp → tb), we have used the CTEQ6.6M parton distribution function [20] . We have set √ S = 8 TeV and a SM cross section of 5.61 pb for the σ(pp → tb) was considered [19] . The horizontal line depicts SM prediction for this process. The shadow cyan area shows the allowed bound which is consistent with the ATLAS measurement. As it is seen in Eq. 3, for a R = 0 and non-zero a L , effect of W ′ exchange can be destructive.
To better show this effect, we zoom in the high W ′ mass region, where this effect can be important. In Fig. 1 -a, there exists a peak at areas which square of center of mass energy is close to the squared total mass of top and bottom quarks.
In Fig. 2 , we have shown the effect of W ′ exchange for a L = 0 and non-zero a R on by ATLAS measurement. According to Fig. 1-a (Fig. 2) , the best exclusion limit on M W ′ for a L = 1 and a R = 0 (a R = 1 and a L = 0) is 1160 GeV (1390 GeV). As an alternative approach in the next section, we use a statistical method to constrain the W ′ phase space.
III. STATISTICAL ANALYSIS
In this study, we use the reported event yields by the experiments in search for s-channel single top production and find the upper limit on the contribution of the W ′ boson. In this part, the interference is neglected even for the left-handed W ′ boson.
The data used in this study include the following categories:
CMS µ 7 TeV The search by the CMS experiment for the s-channel single top production in the events containing one isolated muon in data from the pp collisions at √ s = 7 TeV [21] .
CMS µ 8 TeV
The same search in data from the pp collisions at √ s = 8 TeV.
CMS electron 8 TeV
The same search when the isolated lepton is an electron.
ATLAS 8 TeV
The search by the ATLAS experiment for the s-channel single top production in the events containing one isolated electron or muon [19] . The ATLAS experiment has provided the numbers only for the sum of electron and muon in pp collisions at √ s = 8 TeV.
More data is available [22] [23] [24] , but it was tested and confirmed that adding them can not improve the results. It is also checked that the used categories of data are important and removing any of them can decrease the exclusion power. the data used for this analysis. The quadratic sum of the statistical and systematic uncertainties are reported as the total uncertainty. The main part of the systematic uncertainty comes from the uncertainty on the jet energy scale.
For statistical calculations, the tools provided by the ROOT [25] data analysis framework are used. The efficiency of event reconstruction and selection for the events from 
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